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Introduction
Focal segmental glomerulonephritis (GN) is a discrete pattern of glomerular involvement seen in patients with systemic lupus erythematosus (SLE) that is defined by lesions that affect only a portion of the glomerulus, while other glomeruli in the biopsy may not be involved [1] [2] [3] [4] [5] [6] . The proportion of glomeruli involved in focal segmental lupus GN is variable, but the glomerular pathology is similar whether the involvement is in a few glomeruli or in all the glomeruli in the biopsy. In an insightful comment, Jacob Churg noted, It is uncertain whether focal lupus nephritis as defined is produced by the same immunological mechanisms as mesangial and diffuse forms, because in some instances immune deposits are absent from the focal lesion though present elsewhere in the glomerulus. The segmental lesion may or may not contain deposits, but the mesangium almost invariably does. [6] Thus, the pathogenesis of focal segmental SLE GN appears to be different from the immune complex mechanism of diffuse SLE GN and may have a causative mechanism analogous to the pauci-immune lesion of systemic vasculitis [7, 8] .
In the Collaborative Study Group clinical trial [5, 9] , which utilized the 1982 World Health Organization (WHO) classification [6] , lupus patients with severe segmental GN with involvement of 50% or more of the glomeruli (WHO class III ≥50%) had a significantly worse clinical outcome compared to clinically similar patients with diffuse global GN (WHO class IV) [7] . The classification of lupus nephritis proposed by the International Society of Nephrology/Renal Pathology Society (ISN/RPS) places all
The prognosis and pathogenesis of severe lupus glomerulonephritis 1299 lupus biopsies with ≥50% involvement in the class of diffuse lupus nephritis (class IV) and divides class IV into those with predominantly segmental lesions (class IV-S) and predominantly diffuse global lesions (class IV-G) [10] . Several studies of the ISN/RPS classification [8, 11, 12] have not shown different outcomes between patients with IV-S and IV-G glomerular lesions, implying that morphological differences between severe segmental and diffuse global SLE GN are clinically irrelevant and of neither prognostic nor therapeutic import.
We are concerned that the definitions and assumptions inherent in the ISN/RPS classification may mask the prognostic and pathogenetic implications of the diagnosis of segmental lupus GN by including the most extensive and widely distributed cases in the category of diffuse global lupus GN (IV-G). In the present study we reclassified the renal biopsies of well-characterized SLE patients [5, 9] using the ISN/RPS classification [10] and determined the outcomes for ISN/RPS classes IV-S and IV-G to test whether previously demonstrated pathological and outcome differences between severe segmental and diffuse GN persist.
Materials and methods

Patients
The adult patients who participated in the prospective, controlled trial of plasmapheresis in severe lupus nephritis of the Lupus Nephritis Collaborative Study Group (LNCSG) comprised the study patients [9] . At the completion of the formal trial in October 1986, 14 patients had died. In the remaining 72 patients, we extended the overall mean followup to 120 months. Because there were no outcome differences between the treatment groups, the patient data were pooled for this study. The entry criteria, therapeutic and medical management protocols, and results of the initial study have been reported [9, 13] . In brief, patients were eligible if they were ≥16 years of age, had SLE as defined by the American Rheumatism Association [14] and had the histologic diagnosis of severe lupus GN by the Pathology Reading Committee of the LNCSG (see the appendix). Patients with a serum creatinine >6 mg/dL (>528 µmol/L), previous plasmapheresis or pregnancy were excluded from the study.
Pathology studies
Eighty-three of the 86 LNCSG patients were included and 3 were excluded (one biopsy was unclassified, and in two cases the slides were no longer available). The Pathology Reading Committee determined the diagnoses of severe lupus GN and lupus membranous GN (MGN), the classification of the pathology according to a modification of the 1982 WHO classification, the presence of histological features of activity and chronicity, and the activity and chronicity indices [15] .An adequate biopsy contained ≥10 nonsclerotic glomeruli. The diagnosis of severe lupus nephritis, using a modification of the 1982 WHO classification, required proliferation and/or necrosis in ≥50% of the nonsclerotic glomeruli with or without concomitant MGN [5, 16] . We focused on the nonsclerotic glomeruli because we reasoned that glomerular scars would not respond to therapy. Thus, severe lupus GN comprised three discrete glomerular lesions: (1) severe segmental GN: characteristically, segmental GN was a focal lesion with a heterogeneity of inflammatory changes within glomeruli. Some glomeruli were uninvolved or had small segmental lesions involving <50% of the glomerulus (Figure 1 ) and the most extensively involved glomeruli had at least one uninvolved lobule (Figure 2) . Severe segmental GN was defined by active lesions in ≥50% of the nonsclerotic glomeruli (class III ≥50%). The diagnosis was a consensus reached by four experienced renal pathologists who were able to identify the segmental nature of this lesion even in cases with involvement of most of the tuft. (2) Diffuse global GN is class IV in the 1982 WHO classification [6] . The glomerular lesions involved all or nearly all of the nonhyalinized glomeruli with cellular proliferation and infiltration in a global endocapillary, mesangiocapillary, or crescentic pattern or prominent, extensive subendothelial deposits seen by light (wire loops) or fluorescence microscopy ( Figure 4 ) and (3) MGN with concomitant severe segmental (III ≥50%) or diffuse global GN was the third form of severe lupus GN. Because we have shown that the prognosis of the combined membranous and proliferative lesions is determined by the distribution of the proliferative component (segmental versus global inflammation) [7] , we combined the cases into class III ≥50% ± MGN and class IV ± MGN. These two classes of severe lupus GN will be called severe segmental (WHO III ≥50%) and diffuse global GN (WHO-IV), respectively.
One pathologist (MMS) reclassified the 83 study cases without knowledge of the outcomes, according to the ISN/RPS classification [10] , using the set of four glass slides [hematoxylin and eosin, periodic acid Schiff, Masson's trichrome, and periodic acid Schiff methenamine silver (Jones stain)] and electron micrographs [5] , which were originally analyzed by the Pathology Reading Committee. ISN/RPS class IV includes all cases with ≥50% glomerular involvement (active and chronic) as 'diffuse lupus nephritis', and all the study cases fall into this class. ISN/RPS Class IV is divided into diffuse segmental GN (IV-S) if ≥50% of all the glomeruli (active and chronic) have segmental lesions (segmental is defined as involvement of <50% of the surface area of each glomerulus). Diffuse global GN (class IV-G) is diagnosed if ≥50% of all the glomeruli (active and chronic) have global lesions (global is defined as involvement of >50% of the surface area of each glomerulus). In this paper, the ISN/RPS classes of diffuse segmental GN ± MGN and diffuse global GN ± MGN are referred to as IV-S and IV-G, respectively.
Application of the ISN/RPS criteria to the study cases resulted in the removal of some from the WHO severe segmental GN class (WHO III ≥50%) and inclusion in the diffuse global GN class of the ISN/RPS (IV-G.). We named this peripatetic group of biopsies IV-Q (IV-Query) to facilitate its study. Thus, ISN/RPS IV-G comprises two separate and discrete classes of renal biopsies: diffuse global GN in the WHO classification (WHO-IV) and IV-Q. We report IV-S, IV-Q and WHO-IV separately in our analysis of the ISN/RPS classification.
Laboratory analysis
Baseline serum creatinine, C3 and C4 complement components, anti-dsDNA and cryoprecipitable immune complex concentrations were determined in a central laboratory as previously described [17] . Antibodies to Ro, La, nRNP and Sm were determined in the laboratory of Dr Morris Reichlin using an ELISA with affinity-purified antibodies as previously described [18, 19] .
Treatment protocol
Detailed treatment protocols for this study have been published [9, 13] . All patients initially received 60 mg of prednisone and 2 mg/kg of cyclophosphamide orally per day. In addition, patients were randomized to receive standard therapy plus plasmapheresis three times weekly for 4 weeks. After the initial 4 weeks of treatment, patients who improved clinically received cyclophosphamide at 1 mg/kg/day for an additional month after which it was discontinued. The dose of prednisone was gradually tapered over a 22-week period to 20 mg on alternate days. Patients whose renal symptoms had worsened at 4 weeks (see below) were continued on the initial high-dose prednisone and cyclophosphamide for an additional 4-week period, and patients in the plasmapheresis arm of the study also received an additional 12 treatments. Thereafter, renal and extrarenal flares were treated based on other standardized protocols of intensive drug therapy as previously described [13] . When the formal study ended, the patients had received standardized therapy for an average of 133 ± 10 weeks, and subsequent treatment was determined by the individual investigator.
Outcome variables
The following outcomes were evaluated from the time of entry into the study: (1) time to remission (serum creatinine of <1.4 mg/dL (<123 µmol/L) and proteinuria of <0.33 g/d) within 5 years of entering study; (2) time to end-stage renal disease (ESRD) [defined by a serum creatinine of >6 mg/dL (>528 µmol/L), or the initiation of renal replacement therapy] and (3) time to death. The definition of renal death is patients who died in ESRD with or without renal replacement therapy, and the definition of non-renal death is patients who died without ESRD or renal replacement therapy. 
Statistical analysis
Comparison of the clinical and laboratory characteristics among the groups of patients used Fisher's exact test for categorical data [20] and the Wilcoxon rank-sum test for continuous data [21] . For the analysis of length of time from entry to remission, ESRD (renal survival), death (patient survival), or ESRD or death (survival without ESRD), product-limit life-table distributions were compared with the log-rank test statistic [22] . Results are reported as mean ± SD, and a P-value < 0.05 was considered significant.
Results
Baseline histological features
The ISN/RPS classification switches cases of segmental GN in which ≥50% of the glomeruli have lesions involving >50% of the glomerular surface area from the severe segmental class in the WHO classification (III ≥50% Table 1 [6] were not different among the groups, the activity indices were markedly elevated, and IV-Q had a higher activity index than IV-S. The glomerular signs of chronicity were not different, and the chronicity indices, although elevated in all three groups, were not different.
In accord with our purpose of determining whether segmental and global glomerular inflammations are caused by separate and distinct pathogenetic mechanisms, the histologic and ultrastructural features of massive immune aggregate deposition were examined. Wire loops (P < 0.01), hyaline thrombi (P < 0.05) and massive subendothelial electron-dense deposits (P < 0.001) were more frequent in WHO-IV compared to IV-S (Table 1) . Although IV-Q is classified as diffuse global GN (IV-G) in ISN/RPS classification, IV-Q has a profile of immune complex deposition that is different from the other cases in IV-G (WHO-IV) (wire loops-P < 0.05; hyaline thrombi-P < 0.01 and massive subendothelial deposits-P < 0.01) and is similar to the IV-S cases.
Baseline clinical characteristics and serology
The baseline clinical characteristics of sex, systolic and diastolic blood pressure, serum creatinine, protein excretion and treatment randomization were not different, and the 
Values reported as n or mean ± SD. a P < 0.05, IV-Q versus IV-S.
(To convert serum creatinine from mg/dL to µmol/L, multiply by 88). differences in age and race are presented in Table 2 . As noted in the Materials and methods section, the treatment groups in the original clinical trial did not differ in the study outcomes, and the distribution of randomized patients among the three histological classes of lupus GN was not different. The baseline lupus serological studies are presented in Table 3 . The serum complements C3 and C4 were depressed in all three groups, but both C3 (P < 0.05) and C4 (P < 0.05) were significantly higher in class IV-Q compared to WHO-IV. The complement levels in IV-Q were similar to IV-S. The baseline serologies including double-stranded DNA, cryoglobulins, and anti-Ro, anti-La, anti-nRNP and anti-SM antibodies were markedly abnormal but not different among the three groups of patients. Table 4 lists the follow-up data. The length of follow-up and the median follow-up were not different among the Values reported as n or mean ± SD. ESRD = end-stage renal disease. a P = 0.01, IV-Q versus WHO-IV. b P = 0.02, IV-Q versus IV-G. c P = 0.05, IV-Q versus IV-S; P = 0.001, IV-Q versus WHO-IV.
Follow-up
three groups of patients. Achievement of a remission following treatment was significantly different: the rate of remission in IV-Q was significantly lower (P = 0.01) than that in WHO-IV (23% versus 56%). The rate of remission in IV-S was intermediate between IV-Q and Class-IV (41%), but it was not significantly different from either. The overall status at the last follow-up was also significantly different. IV-Q had the lowest prevalence of stable renal function (18%), WHO-IV had the highest prevalence (62%), and IV-S had an intermediate prevalence of stable renal function (50%). The differences between IV-Q and both IV-S (P = 0.05) and WHO-IV (P = 0.001) were significant. Additionally, IV-Q had the highest prevalence of ESRD and renal death and WHO-IV had the highest prevalence of non-renal death.
Cumulative survival outcomes
Figures 5A and 6 represent renal survival and patient survival without ESRD, respectively. For both, the best survival was for patients with WHO-IV and the worst was for Renal survival for patients with IV-Q was significantly worse than for WHO-IV (P = 0.001). After 10 years, more than twice as many patients with IV-S had renal survival than did patients with IV-Q, and although IV-Q was not statistically different from IV-S, the continued dropout of renal survivors from IV-Q over the course of the study is clinically important. B. Analysis of renal survival without patients with membranous GN. The survival curves are similar to those for the entire study group that included cases of membranous GN plus severe segmental or diffuse global GN. Renal survival for patients with IV-Q was significantly worse than for IV-G (P = 0.008).
Fig. 6.
Patient survival without ESRD. Survival for patients with IV-Q was significantly worse than for WHO-IV (P = 0.0038). Although survival for IV-S and IV-Q were not statistically different, it seems that survival of twice as many patients with IV-S than IV-Q after 10 years is clinically significant.
patients with IV-Q. Patients with IV-S either had intermediate survival or were similar to WHO-IV. Renal survival was different among the three groups (P = 0.0009), and it ( Figure 5A ) was worse for IV-Q than for WHO-IV (33% versus 77% at 10 years, P = 0.001). Renal survival after 10 years was almost twice as high in IV-S compared to IV-Q (62% versus 33%), but the difference was not statistically significant (P = 0.057). Patient survival without ESRD was different among the three groups ( Figure 6 ) (P = 0.013), and it was worse for IV-Q than for WHO-IV (32% versus 66% at 10 years, P = 0.0038). Although patient survival without ESRD after 10 years was almost twice as high in IV-S compared to IV-Q (58% versus 32%) and was similar to that in WHO-IV, IV-S was not significantly different from IV-Q (P = 0.078).
We combined IV-Q and WHO class IV to form one class (IV-G) as indicated by the definitions and criteria of the ISN/RPS classification [10] and compared its outcomes to those of ISN/RPS IV-S. The survival curves for renal survival ( Figure 7A ) and patient survival without ESRD ( Figure 8A) were not different. When the same biopsies were diagnosed as severe segmental and diffuse GN using the 1992 WHO classification [6] (in this classification, III ≥50% includes IV-Q and IV-S), the outcomes were significantly different for renal survival ( Figure 7B ) and patient survival without ESRD ( Figure 8B ).
Analysis without MGN
Removing the biopsies showing MGN plus severe segmental or diffuse GN from the analysis resulted in no or minor changes in the histologic evidence of immune aggregate deposition, baseline clinical characteristics and baseline serologies. Patients with IV-Q lesions had the worst clinical status at the last follow-up. They had the highest prevalence of patients progressing to ESRD (i.e. ESRD plus renal death) [IV-S 5/13 (38%) versus IV-Q 8/11 (72%) versus WHO-IV 8/33 (24%), P = 0.01], and the lowest prevalence of stable renal function [IV-S 6/13 (46%) versus IV-Q 3/11 (27%) versus WHO-IV 21/33 (64%), P = 0.09]. Patients with IV-Q lesions had the poorest renal survival (P = 0.03) ( Figure 5B ).
Discussion
The diagnosis of severe lupus GN is established in renal biopsies with the involvement of equal to or greater than 50% of the glomeruli [5] . This diagnostic rubric is associated with two discrete forms of acute glomerular inflammation [5, 23] : one that is segmental in nature, affecting only a portion of the glomerulus, while the other involves the entire tuft of virtually every glomerulus. The ISN/RPS classification [10] divides biopsies with severe lupus GN into two categories: diffuse segmental (IV-S) and diffuse global (IV-G) GN. Although these categories were created to be analogous to severe segmental and diffuse GN in the WHO classification [5] and are considered to be congruent by some pathologists [24] , they clearly are not. The important clinical and pathogenetic differences noted with the WHO classification are lost when the same cases are reclassified using the ISN/RPS definitions and criteria.
The WHO (1982) [6] and the ISN/RPS (2004) [10, 25] classifications reflect radically different diagnostic approaches. In the WHO classification, the diagnosis is an interpretation based upon the pathologist's observations, informed by knowledge of the pathogenesis of inflammation in general and GN in particular. In contrast, the ISN/RPS classification reflects the belief [26] that the severity and prognosis of lupus GN are a function of the proportion of cross-sectional glomerular involvement and that there is a pathologic continuum from focal segmental to diffuse global GN. However, if the latter were true, the prognosis of WHO-IV should be worse than widely distributed segmental GN (IV-Q), which should be worse than less widely distributed segmental GN (IV-S). In fact, we report that IV-Q had the worst prognosis, followed by IV-S, and WHO-IV had the best outcome. The arbitrary definitions of the ISN/RPS classification result in the transfer of the most extensively involved cases from WHO III ≥50% that accurately describes their pathology and in which they are associated with other cases that have similar but less extensive glomerular lesions. These cases 'migrate' to class IV-G in which they form a substantial, morphologically discrete minority (22/61 cases in the present study) grouped with a majority of cases of diffuse global GN.
Because the distinction between IV-S and IV-G is dependent upon the proportion of glomerular surface area involvement, the ISN-RPS classification becomes subject to statistical rules. An estimate of the prevalence of abnormal glomeruli in the whole kidney implied by the renal biopsy findings can be obtained by calculating a confidence interval based on a binomial distribution [27] . This demonstrates that the number of involved glomeruli in the biopsy will be variable, and when classification of biopsies is based upon the proportion of glomerular involvement in the biopsy, this variability will lead to misclassifications that will be increased in biopsies with few glomeruli. These statistical considerations also apply to the intraglomerular distribution of inflammation. Severe segmental GN has heterogeneous glomerular involvement with a mixture of normal glomeruli and glomeruli with less than and greater than 50% surface area involvement. The average biopsy in the LNCSG trial had 19.1 glomeruli [5] . Because a minimum of 50% of the glomeruli had to be involved to be included in the study, a biopsy could qualify for ISN/RPS class IV-G if only 5 of 10 involved glomeruli showed >50% involvement. Thus, the distinction between a biopsy that remains in diffuse segmental (IV-S) or migrates to diffuse global GN (IV-G) may be based upon very few glomeruli. These considerations suggest that the semiquantitative definitions developed for the ISN/RPS classification to ensure diagnostic reproducibility lead to overlap of the categories of diffuse segmental (IV-S) and diffuse global (IV-G) GN, because of the small sample size, the heterogeneity of glomerular involvement and the statistical rules that govern sampling. Application of the ISN/RPS classification to biopsies showing severe lupus GN leads to stage migration [28, 29] , a term which is used in the cancer literature where it is reported that more sensitive diagnostic techniques result in reassignment of patients from a good prognostic stage to a bad one. Because the prognosis of those who migrate is worse than for the other members of the good-stage group and better than that for other members of the bad-stage group, the survival rates rise in each newly constituted group without any change in individual outcomes. This is also known as the 'Will Rogers phenomenon' after the famous American humorist who in referring to the movement of farmers from Oklahoma to California during the depression said, 'This migration raised the average IQ in both states'. Regarding the classification of lupus GN, it appears doubtful that the ISN/RPS division of diffuse global GN into classes IV-S and IV-G produces clinically relevant groups of patients because it appears to have changed the outcome of both groups and minimized differences between them without changing the biology of the disease or the individual outcomes.
WHO III ≥50% and WHO-IV [6] have different morphologic characteristics and serologic abnormalities indicating that they may be mediated by different mechanisms [7] . WHO-IV is associated with evidence of glomerular immune aggregate deposition and depressed levels of serum complements C3 and C4 that indicate an immune complex mechanism. In contrast, biopsies showing WHO III ≥50% have glomerular lesions that are similar to those seen with vasculitis, have less evidence of immune aggregate deposition and have relatively higher levels of serum complement. These findings suggest a mechanism of glomerular injury analogous to that occurring in the systemic vasculitides. The ISN/RPS classification separates the most widely distributed cases of segmental GN (IV-Q) from cases with similar pathology, reduced immune aggregate deposition and serum complements, and includes them in class IV-G along with cases that have a different distribution of glomerular pathology, significantly more evidence of immune aggregate deposition and more serologic evidence of complement activation. The ISN/RPS classes IV-S and IV-G do not make the same pathogenetic distinction seen between WHO class III ≥50% and class-IV, and migration of the IV-Q cases to class IV-G appears to minimize the pathogenetic differences between ISN/RPS classes IV-S and IVG.
Patients with WHO III ≥50% [5] have worse clinical outcomes than those with WHO-IV [7] , and the ISN/RPS classes IV-S and IV-G were developed to allow testing of the significance of this distinction in patients with severe lupus GN. However, the studies that have used the ISN/RPS classification to determine the outcomes of classes IV-S and IV-G have not found significant outcome differences [8, 11, 12] . Because ISN/RPS class IV-G is morphologically heterogeneous, the relevance of these studies is questionable. In fact, the IV-Q patients who migrate from WHO class III ≥50% to ISN/RPS class IV-G have a lower prevalence of remissions, renal survival and patient survival without ESRD than the patients in ISN/RPS class IV-S and the other patients in class IV-G. Removal of these patients with the worse outcomes from the 'bad' prognosis class WHO III ≥50% improves the outcomes of those remaining (ISN/RPS IV-S), and adding these patients to the 'good' prognosis patients with diffuse global GN (WHO-IV) worsens the prognosis of patients in class IV-G. The ISN/RPS classes IV-S and IV-G do not make the clear distinction in clinical outcomes seen between the WHO III ≥50% and WHO-IV. Migration of the IV-Q cases to class IV-G results in no differences in outcomes between ISN/RPS classes IV-S and IV-G and is in accord with the observations of others [8, 11, 12] .
The ISN/RPS classification assigns many of the most severe cases of segmental GN into the IV-G category. These cases have significant morphological, serological and prognostic differences from the WHO-IV cases that make up the majority of class IV-G. The end result is that important pathogenetic and prognostic implications of the segmental lesion of SLE are lost by the ISN/RPS classification. The prognostic differences between severe segmental and diffuse global GN seen with the 1982 WHO classification suggest that the treatment protocols did not adequately address the vasculitis-like lesions of severe segmental GN, and the poor outcomes experienced by patients in this group were possibly due to undertreatment. We conclude that the ISN/RPS classification, applied to biopsies showing severe lupus GN, results in a significant loss of informational content, and the ISN/RPS classification cannot be expected to detect differences in outcome between biopsies showing diffuse segmental (IV-S) and diffuse global GN (IV-G).
